The main objective of this research was to build a database on anthropometric features from a sample of students enrolled in the Industrial Design program at the Universidad Autonoma de Ciudad Juarez (UACJ), to contrast anthropometric data with other Mexican regions, and to generate predictive models of the participants' body dimensions. A set of 36 body dimensions were measured based on international standards. Two anthropometric kits Rosscraft model Centurion were used for measurements. 140 students, 70 male and 70 female, enrolled in the Industrial Design program at the UACJ were measured. The values of mean, standard deviation, and percentiles were calculated. Besides, 26 predictive models of body segments were developed using simple linear regression. Body weight and stature of students in Northern Mexico are significant larger than people from other Mexican regions. We now hold anthropometric data of 36 body dimensions and 26 predictive models of body segments.
Introduction
Physical features of human beings are in constant evolution. In countries like Mexico, recent improvements in feeding patterns and health care have had an important impact on the bodily dimensions of their populations. This leads to the need for anthropometric data to be constantly updated. Anthropometric data is applied mainly in the design of objects, products and spaces to be used and/or inhabited by the subjects who were measured. Some examples are school/academic, home and urban furniture, housewares, tools, cars, workstations, among others. Some studies have shown that school furniture used in primary schools do not match the body size of students, thus favoring musculoskeletal discomfort in children [1] . Updated anthropometric data is very important for any population/civilization since the determination of the correct dimensions of objects depends largely on upgrading existing anthropometric data.
In Mexico, there are few studies focused on generating anthropometric data of the population. Probably, one of the first research study related to anthropometry in Mexico was published in 1933, and it included a historical collection of physical anthropology and anthropometry [2] . Another study reported anthropometric data of students and workers of the Universidad Nacional Autónoma de México (UNAM) and other Mexican cities [3] . The book "The anthropometric technique applied to industrial design", in which the main anthropometric procedures and their applications of the product design are mentioned [4] . Ergonomists' Society of Mexico [5] published on its website (www.semac.org) the results from what is called a national anthropometric study.
A comprehensive search starting on the year 2000, yielded the following studies related to anthropometry research in Mexico: 1) The book "Anthropometric dimensions of Latin American Populations: Mexico, Cuba, Colombia, Chile" which includes anthropometric data gathered from samples in four Mexican locations (Guadalajara, Leon, Mexico-USA border, and Mexico City) as well as samples from the other mentioned countries [6] ; 2) Anthropometric study of primary school students in the western region of Mexico [7] ; 3) Anthropometric data of people suffering from crucial paraplegia in the Mexican states of Sonora and Sinaloa [8] ; 4) Anthropometric dimensions of workers (male and female) of Ciudad Juarez [9] . Anthropometric data of automotive industry workers in northwestern Mexico [10] ; 5) Anthropometric measurements for hand-tools design [11] . Also, in Mexico anthropometric studies focused on specific populations have been developed for seniors [6] [12], athletes [13] , and people with dwarfism [14] .
One of the applications given to the anthropometric data is the generation of predictive models of body segments [15] . These models help when anthropometric data to determine the dimensions of an object/product are not enough. In this context, www.ergonautas.com website contains an application that allows estimating the length of seven body segments in relation to stature. This application was developed using a anthropometric data developed in 1966 [15] . In the same way, predictive models of 11 body segments of Mexican children from 6 to 12 years old were developed [7] .
This article addresses the case of the Universidad Autonoma de Ciudad Juárez (UACJ). Here, students enrolled in the Industrial Design program develop prototypes, models, and designs used by them in different tests, such as functionality, usability, and product validation. Due to the lack of anthropometric data on the population in northern Mexico, the designs are developed using information coming from other populations, the most common being from the United States of America [16] or from the western region of Mexico [6] . This leads to unsuitable designs for the anthropometric characte-ristics of the students who would be the primary users of those developments. As an undesirable and unfair result, the design students get failed in the mentioned procedures.
This research had three objectives. The first objective was to build a database on anthropometric features from a sample of students enrolled in the Industrial Design program at the UACJ. The second objective was to compare the body weight and stature with data from other Mexican regions. The final objective was to generate predictive models of the participants' body dimensions, based on their stature.
Materials and Methods

Participants
The sample was composed of students enrolled in the Industrial Design program at the UACJ. The inclusion criteria were:
• Being a student at any level of the industrial design program
• Being free of physical injuries at the time of measurements
• Not having sustained a single bone fracture throughout their entire life
Ethics committee of the Universidad Autonoma de Ciudad Juarez, Mexico reviewed and approved the study. Participants signed a consent form accepting their participation in the study. Also, participants were informed of the wearing requirements, objectives, benefits of the study, as well as the absence of health risks by participating on it.
They were informed that the data gathered would be treated in full confidentially and used for academic purposes only.
Materials
Two anthropometric kits Rosscraft model Centurion with an accuracy of 0.5 mm were used for measurements. The anthropometric kit has a precision and calibration certificate issued by the manufacturer. The perimeter of the head, arms and legs were measured using a flat steel tape included in the anthropometric kit. The weight was recorded using a Torino scale that was constantly adjusted during the course of the study. In addition to the measurements, participants were asked to fill out a survey enquiring on demographic data.
Variables
Thirty-six body dimensions were measured. The site and definition of each anthropometric parameter were based on the standard procedure [17] . Table 1 shows the names of the dimensions.
Study Organization
A team of two students and two researchers (called anthropometrist) were trained to perform anthropometric measurements and their procedures were analyzed to corroborate consistency in measurements. All measurements were performed in the Ergonomic Product Design Lab at the UACJ. All measurements were taken in the afternoon, and the subjects were barefooted and wore T-shirt and thin shorts. In addition to the measurements, participants completed a form with demographic information (age, gender, date of measurement, and place of birth) and signed a consent form. The measurements were performed in four posts.
The four post were organized according with the body dimensions and the measurement instrument. The first post included the standing heights; the second post included the diameters, deeps, and reaches; the third post included the sitting measurements; and the fourth post included the face, head, feet, and hands measurements. In every post, an anthropometrist performed the measurements, and a second anthropometrist wrote the measurements in a data sheet previously designed. Additionally, the second anthropometrist guided the participants inside the measurement room, gave the instructions about the proper clothing, and placed de participants in the correct positions. In order to avoid fatigue effects, a rotation schedule was designed every 30 minutes.
The distribution of the body dimensions were organized as follows (see Table 1 Participants were cited one week in advance and notified about the proper clothing needed in the study. If women brought hairpins, they were removed so they would not interfere with the measurement. All subjects were also asked to empty their pockets and other personal items such as watches, bracelets, etc.
The procedure was performed in approximately 15 minutes. The coordinator of the research team supervised the whole procedure, and with the help of a research assistant checked every data sheet at the end of the measurement of each subject. Finally, when the measurement process was finished, the anthropometer and other measurement devices were cleaned and cheeked to verify their accuracy.
Statistics
Because the population was known and finite (450 students of the Industrial Design program), the sample size was determined using the Equation (1).
( ) 
Results
A convenience sample of 140 students was drawn from the population and chosen randomly. The participation was on a voluntary basis. We selected 70 men and 70
women with average age of 21.5 (±1.5) and 21.2 (±2.3), respectively. The study was completed in six months starting on July 2014 and ending on December 2014.
Anthropometric Data
The results obtained after performing anthropometric measurements (mean, standard deviation, minimum, maximum for male and female students are shown in Table 2 and 
Data Comparison with Other Samples from Mexico
Body weight and stature dimensions obtained in this study were compared to data gathered from Ciudad Juarez [9] and three regions of Mexico [6] (Guadalajara, León, and Mexico City). Information includes anthropometric data of students, workers, and drivers. Figure 1 shows the results of the body weight comparisons of male and female subjects. Body weight of male students from Ciudad Juarez was significantly higher than the other five Mexican regions (t = 3.070, p = 0.003). Body weight of female students was significantly lower than workers of Guadalajara [6] (t = −2.088, p = 0.042), had no significant differences with female workers of Ciudad Juarez [9] (t = −0.973, p = 0.335),
and Mx-USA border [6] (t = 0.700, p = 0.487), and was significantly higher than students of Guadalajara (t = 2.930, p = 0.005). The stature of male students from Ciudad
Juarez had no significant differences with male workers of Ciudad Juarez [9] (t = −0.277, p = 0.782) and was significantly higher than the other four Mexican regions (t = 2.802, p = 0.006). The stature of female students had no significant differences with female workers of Ciudad Juarez [9] (t = −0.806, p = 0.424) and was significantly higher than the other four Mexican regions (t = 3.447, p = 0.001).
Predictive Models for the Dimensions of Body Segments
Considering the large amounts of work, time, and resources invested in the conduction of an anthropometric study, it is desirable to develop linear regression models with which to predict the dimensions of some body segments, based on the value of another salient anthropometric feature. Stature is the logic candidate for this role, mainly due to two factors: 1) it is by far the easiest dimension to be measured and 2) a large number of body dimensions show high levels of correlation with it.
Predictive models are useful when a design for a specific user is required, or when a rapid prototype to be used by individuals with similar anthropometric characteristics is needed. Foot-breadth and foot-length dimensions obtained a significant predictive model; however, they were not included in the list. Table 4 shows the 26 significant predictive models (including male and female results) generated through linear regression analysis.
In order to exemplify the use of the predictive models, an example related with the design of a chair for a single male user with a stature of 1700 mm (X). In this case, it was necessary to determine the Seat Height (SH) and the Seat Deep (SD) of the chair.
Using the model 12 (see Table 4 ), the prediction of SH was 418.64 mm (see Equation (2)). Using the model 14 (see Table 4 ), the prediction of the SD was 471.73 mm (see Equation (3)).
Discussion
Data of thirty-six body dimensions of 140 students (70 men and 70 women) from the north of Mexico were collected and analyzed. Due to the average body weight of male students was at least 7 kg more than the body weight of the other male subjects included in this study, it was significantly higher than the body weight of the people of the five regions of Mexico considered in this study, even more than 13 kg than workers of the Leon city. Contrary to the body weight of male students, the body weight of female students had no significant differences with female workers of Ciudad Juarez and Mx-USA Border. The stature of male and female students and male and female workers of Ciudad Juarez had no significant differences. These results indicate that geographic origin, despite the same country, does have a significant effect on variation of anthropometric dimensions [18] , mainly in body weight and stature.
An important issue that affects the stature and weight of every population is the age [19] ; however, this variable was not considered in the comparisons developed in this study. In this context, students of Ciudad Juarez and Guadalajara had similar age. In contrast, the workers of Ciudad Juarez, Guadalajara, and Leon and drivers of Mexico City were older than the students of Ciudad Juarez.
Anthropometric data gathered in this study is useful in the design of products for the Industrial Design students. Using the mean and standard deviation, calculation of percentiles only needs an easy step. Although the participants' sample was limited, anthropometric data could be useful to design processes, products, furniture, tools, among The linear regression analysis showed that dimensions of 26 body segments positively correlated with the stature. Nonetheless, although all the predictive models were statistically significant, only three dimensions (eye height standing, shoulder height standing, and elbow to fingertip length sitting) yielded regression coefficients higher than 0.8, which means that the level of correlation is very good [20] and the prediction based on those three linear regression models will be reasonably reliable. However, for popliteal height sitting, thickness sitting, biacromial shoulder breadth sitting, bideltoid shoulder breadth sitting, maximum horizontal reach standing, and maximum vertical reach standing yielded correlation coefficients between 0.2 and 0.5 considered as low/bad [20] . Thus, the length estimation of these body segments will produce a gross error, being highly unreliable.
Conclusions
The data presented in this article comes from a small sample of university students in northern Mexico and does not represent the country's entire population. The average values of the dimensions stature and weight (of students of Ciudad Juarez) for our subjects were higher than those measured on people from other three regions in Mexico.
Using linear regression procedures, 26 predictive models of body segments based on the stature were generated and could be used to develop rapid prototypes and product design for specific users. However, these models are reasonably reliable only for the dimensions eye height standing, shoulder height standing, and elbow to finger-tip length sitting.
With this study, we now hold anthropometric data of 36 body dimensions that could be used in the design of models, prototypes, and products by Industrial Design students. The most important limitations of this study were the low number of participants and their origins (university students). Therefore, these two factors should be considered when using the data to design objects/products for different populations.
